one case of kwashiorkor there were IOO cases of protein malnutrition in the pre-kwashiorkor condition. The traditional weaning food used in this locality and by over 10 million Yorubas living in the Western States of Nigeria is a maize preparation called ' ogi' (pap). Williams (1933) first reported the incidence of kwashiorkor among children between the ages of I and 4 years in the Gold Coast, now known as Ghana. I n all the cases examined there was a history of deficient breast-feeding, and the only supplementary food used was a similar preparation of maize called
The traditional method of preparation of ogi consists of soaking maize grains in cold water for 1-3 d, then wet-milling them with fresh water and sieving the slurry through a screen mesh of about British sieve size no. 36. The liquor is finally left to stand for another day or two at room temperature (about 30°), when it sediments and turns sour. The wet cake is usually boiled in water to give a gruel containing about 5 yo solids and used in this form for feeding infants. Akinrele (1966) found that the biological quality of the protein of ogi is so poor that it does not support growth in rats, but, when it is supplemented with heated full-fat soya in the proportions of 70 parts of ogi to 30 parts of soya, the protein efficiency ratio (PER) increases threefold, making the protein almost as good as casein. With the aim of bringing relief to Nigerian children in particular, the Federal Institute of Industrial Research has developed a process for the incorporation of full-fat soya flour into ogi and has given the name
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Soy-Ogi to the final product. It has been estimated (Akinrele, Adeyinka, Edwards, Olatunji, Dina & Koleoso, 1970) that Soy-Ogi could be produced at one-third the cost of the branded infant foods commercially available in Nigeria. Its palatability has been tested extensively amongst children and their parents in urban as well as rural areas. In a report prepared by Cadbury's (Nigeria) Ltd (1969, private communication), based on 600 consumer tests, it was stated that 'except for its unattractive container, the baby food powder (Soy-Ogi) was preferred to the other products compared, a commercial dried cow's milk (Lactogen), a filled milk preparation (SMA) and plain ogi in all other qualities'. The aim of the investigation now described was to establish the efficacy of Soy-Ogi in preventing and curing protein malnutrition in Nigerian children. 
E X P E R I M E N T A L

Chemical analyses
Biological evaluation
The protein qualities of Soy-Ogi, lactogen and casein were assessed biologically in rats. The following values were determined: (Mitchell, 1924) ; ratio (PER) = g weight gain/g protein intake (Osborne, x experimental PER of test diet; (Miller & Payne, 1959) , P = percentage protein in the diet, ME is the metabolizable energy and GE the gross energy (kcal/Ioo g).
Twenty male weanling albino rats, of weights ranging from 70 to 108 g, were allotted
to four groups according to a randomized block design. Each rat was caged in wire screen mesh, fitted with a container to receive the faeces and urine separately. The faeces and urine were collected in I yo (w/v) sulphuric and acetic acids respectively to prevent loss of N. The compositions of the experimental diets are given in Table I . A weighed quantity of each experimental diet was made into a paste with water and put in a wide-mouthed glass bottle fixed to the side of the cage. The food was changed daily and the quantities consumed were carefully weighed.
The rats given the low-protein diet E were allowed 3 d for adjustment to their cages and were then continued on the diet for 21 d for the determination of endogenous values. For the determination of the digestibility coefficients and biological values, diets A, By C and D were given to the rats for 24 d. The faeces and urine excreted by each rat from the 4th to the 11th day of the experimental period were separately pooled for N analysis by the Kjeldahl method (Association of Official Agricultural Chemists, 1965). To obtain PER, the weight gain of each rat on diets A, B and C and the food consumed between the 4th and the 24th days of feeding were measured. Diet D was used to estimate NPU (operative).
At the end of the experimental feeding period, the rats given diets A, B and C were killed and their livers were removed and sectioned for histological examination.
The rats on diet D, consisting only of Soy-Ogi fortified with vitamins, were kept on the diet for 150 d. After IOO d, two of them were mated with females that had been fed on diet D for the same period. The progeny of the mated rats were reared on Soy-Ogi for 31 days after weaning.
Therapeutic evaluation of Soy-Ogi in kwashiorkor In collaboration with Lagos University Teaching Hospital, the paediatrician in charge of the Institute of Child Health selected, from among those attending the Nutrition Clinic, fifteen children (1-3 years old) who were suffering from kwashiorkor at various stages and admitted them to the paediatric wards of the hospital. Each child was examined within 24 h of admission and the results were recorded on special forms. The diagnosis was graded as severe, moderate, or slight kwashiorkor according to a prearranged system.
The children were weighed naked on admission and every other day thereafter.
Blood samples were taken from every patient every 7 d for 28 d, and analysed for total serum protein, albumin, globulin, packed cell volume (PCV) and haemoglobin by standard clinical methods (Hawk, Oser & Summerson, 1954a) . The children were given antibiotics by injection for the first 5 d from admission, and prophylactic anti-malarial drugs were regularly administered throughout the period in hospital. Some of the children showed clear signs of vitamin deficiencies such as angular stomatitis. A daily supplement of vitamins and iron was therefore given. The skin lesions due to kwashiorkor were left open and treated with gentian violet. Anorexia was usually overcome by gentle persuasion and persistence ; very ill patients were tube-fed. The diets used in these trials consisted of Soy-Ogi for the test group and a standard commercial infant food, Lactogen, made from dried cow's milk, for the control group. The compositions of the diets are shown in Table 2 . Since Soy-Ogi has a higher protein content than Lactogen, glucose was added to the former and the diets were then mixed with water so that each provided equal quantities of protein and calories.
R E S U L T S A N D D I S C U S S I O N
The nutrient composition of Soy-Ogi is compared with those of a number of branded infant foods in Table 2 . Some amino acid profiles are shown in Table 3 . Mean values for the biological evaluation of the protein quality of Soy-Ogi, Lactogen and casein diets are given in Table 4 .
Except for deficiencies in vitamins and in iron, which can be corrected by fortification, Soy-Ogi presents a nutrient profile and protein score which compare favourably Vol. 26
Nutritive value of maize-soya mixture 181 with those of branded commercial infant foods. About 70% of its lysine content is available, indicating a good biological value.
Its NDpCal% is estimated at 10.80 using the corrected NPU value. This value is well above the minimum of 8 recommended for children, and therefore Soy-Ogi should be a suitable food for weaning children. T h e results of the long-term feeding tests indicated that the livers of rats fed on Soy-Ogi were normal and the successful feeding of the rats solely on Soy-Ogi through a complete life cycle which resulted in normal litter sizes, birth weights and growth rates provided further evidence that potent toxic residues were absent from the food. I n the children, the response to dietary treatment was measured in terms of acceptance and tolerance of the food, disappearance of oedema and apathy, and weight changes. After the first 5 d, the Soy-Ogi diet was found to be as acceptable as the Lactogen diet, but the initial anorexia was more easily overcome with the Lactogen diet. This Child .4. s. The Soy-Ogi diet, no matter how thinly it was prepared, always set into a thin gel on standing. Such semi-solids are less readily taken than fluids by sick children. Vomiting was a common problem with both diets, especially during the first few days of treatment. Not all the vomiting could be attributed to dietary intolerance (Table 5 ). T h e temperature and manner in which the food was administered seemed to affect tolerance. When the food was given cold and in a hurried manner the patient was more prone to vomiting. Diarrhoea occurred only in the Lactogen group, probably because many Nigerian children seem to be intolerant of lactose.
Oedema in the Soy-Ogi group subsided in one patient at the end of the 1st week, and in the others between the 2nd and 3rd weeks. I n the Lactogen group oedema disappeared in one child in the 1st week and in the two others in the 2nd and 3rd weeks.
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Disappearance of apathy and increasing interest in the environment became noticeable in all children in both groups in the 3rd week. This means that clinically the patients fed on Soy-Ogi showed as good a response as those fed on Lactogen.
The curves of changes in weight, total serum proteins and albumin concentrations over a period of 28 d treatment, derived from two typical patients from both groups, are shown in Fig. I . It will be seen that there was greater weight loss in the patients on Soy-Ogi than in those on Lactogen. After the initial loss in weight, the Lactogen group gained more weight and at a faster rate than the Soy-Ogi group, which is in agreement with the observations of Dean (1952). Increases in total serum protein concentration were also greater in the children fed on Lactogen than in those on Soy-Ogi, as was also found by Arroyave, Wilson, BChar & Viteri (1961) . At the end of a month's treatment two of the patients on Soy-Ogi still had serum protein levels below normal. Serum albumin concentration rose steadily in all the children, but the rate of increase was higher in the patients on Lactogen than in those on Soy-Ogi.
By the zrst day of treatment serum albumin concentrations had returned to the normal level of about 3 g/Ioo ml in the Lactogen group. This indicates that Lactogen may be more efficient in promoting serum protein recovery than Soy-Ogi, although the values obtained with the latter diet were acceptable.
Only eight children out of fifteen successfully completed 28 d of the prescribed treatment. Four patients (two in each group) died during the period of treatment, and three others were discharged because of early recovery.
Conclusion
This study has suggested that Soy-Ogi is a complete protein food suitable for weaning children. It has also been established that it is acceptable, free from toxic residues, and could be well tolerated by children. The limited trials on children also suggest that it has the advantage of minimizing the frequency of diarrhoea often observed with a milk diet. However, when compared with Lactogen, it is less efficient for the treatment of kwashiorkor in bringing about maximum weight gains and rapid increase in the serum albumin concentration. Because of the relatively low cost of Soy-Ogi in comparison with other weaning foods ( Table 6) , and the limited purchasing power of the low-income group, SoyOgi should be considered as the food of choice for the prevention and cure of mild and moderate protein malnutrition. In severe kwashiorkor which may require hospital treatment, Soy-Ogi supplemented with a milk diet is preferable.
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